Measurements of upper mantle shear wave anisotropy from a permanent network in southern Mexico  by van Benthem, Steven A.C. et al.
GEOFÍSICA INTERNACIONAL (2013) 52-4: 385-402
385
ORIGINAL PAPER
Measurements of upper mantle shear wave anisotropy from a permanent 
network in southern Mexico
Steven A. C. van Benthem, Raúl W. Valenzuela* and Gustavo J. Ponce
Received: November 13, 2012; accepted: December 14, 2012; published on line: September 30, 2013
S. A. C. van Benthem
Department of Earth Sciences
Utrecht University
Budapestlaan 4, 3584 CD Utrecht
The Netherlands
Formerly at Departamento de Sismología
Instituto de Geofísica
Universidad Nacional Autónoma de México
Mexico D.F., México
Resumen
 
Se midió la anisotropía para las ondas de cortante 
en el manto superior por debajo de estaciones 
en el sur de México usando fases SKS. Las 
direcciones de polarización rápida donde la placa 
de Cocos se subduce subhorizontalmente están 
orientadas aproximadamente paralelas con el 
movimiento relativo entre las placas de Cocos y 
América del Norte y además son perpendiculares 
DODWULQFKHUD3RUORWDQWRVHLQ¿HUHTXHODSODFD
VXEGXFLGD DUUDVWUD HOPDQWR TXH VH HQFXHQWUD
SRUGHEDMR\ORKDFHÀXLUHQWUDLQHGÀRZ8QD
situación similar existe en la zona de subducción 
GH&DVFDGLD(VWXGLRVSUHYLRVKDQVHxDODGRTXH
estas dos regiones tienen en común la subducción 
GH OLWRVIHUD MRYHQ (Q DTXHOORV OXJDUHV GRQGH
las placas subducidas muestran un cambio en 
el buzamiento o bien están rotas, se observa 
un cambio en la orientación de los ejes rápidos. 
'LFKRV FDPELRV VXJLHUHQ TXH VH SURGXFH XQ
ÀXMR WULGLPHQVLRQDO DOUHGHGRU GH ODV RULOODV GH
las placas subducidas, el cual es consistente con 
HOUHWURFHVRGHODSODFDVXEGXFLGDVODEUHWUHDW
RU UROOEDFN FRPR \D VH KDEtD REVHUYDGR HQ
algunos trabajos anteriores. En algunas de las 
estaciones instaladas lejos de los límites de placa 
el movimiento absoluto de la placa de América 
del Norte controla las direcciones rápidas. El eje 
rápido de una estación ubicada en la Mesa Central 
se orienta ONO-ESE y es diferente de todas las 
demás mediciones en este estudio. 
Palabras clave: Partición de ondas SKS, anisotropía 
GHOPDQWR VXSHULRU ÀXMR GHOPDQWR ]RQDV GH
subducción, Fosa Mesoamericana, placas de 
Cocos, Rivera y América del Norte.
Abstract
 
8SSHU PDQWOH VKHDU ZDYH DQLVRWURS\ XQGHU
VWDWLRQVLQVRXWKHUQ0H[LFRZDVPHDVXUHGXVLQJ
records of SKS phases. Fast polarization directions 
ZKHUHWKH&RFRVSODWHVXEGXFWVVXEKRUL]RQWDOO\
are oriented in the direction of the relative 
PRWLRQEHWZHHQWKH&RFRVDQG1RUWK$PHULFDQ
plates, and are trench-perpendicular. This 
SDWWHUQLVLQWHUSUHWHGDVVXEVODEHQWUDLQHGÀRZ
and is similar to that observed at the Cascadia 
subduction zone. Earlier studies have pointed 
out that both regions have in common the young 
age of the subducting lithosphere. Changes in the 
RULHQWDWLRQRIWKHIDVWD[HVDUHREVHUYHGZKHUH
the subducting plates change dip and/or are torn, 
DQGDUHWKXVLQGLFDWLYHRI'ÀRZDURXQGWKHVODE
HGJHV7KH\DUHFRQVLVWHQWZLWKVODEUROOEDFNDV
SUHYLRXVO\VKRZQE\RWKHUDXWKRUV6RPHVWDWLRQV
ORFDWHG DZD\ IURP WKH SODWH ERXQGDULHV KDYH
their fast directions controlled by the absolute 
motion of the North American plate. The fast axis 
for station ZAIG, located in the Mesa Central, is 
oriented WNW-ESE and is different from all the 
other measurements in this study.
.H\ZRUGVSKS splitting, upper mantle anisotropy, 
PDQWOH ÀRZ VXEGXFWLRQ ]RQHV0LGGOH$PHULFD
Trench, Cocos, Rivera, and North American plates.
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Introduction
The use of the teleseismic phase SKS to study 
upper mantle anisotropy in both seismically 
TXLHWDQGVHLVPLFDOO\DFWLYHUHJLRQVKDVEHFRPH
D VWDQGDUG WRRO 6LOYHU  6DYDJH 
3DUNDQG/HYLQ7KHPHWKRGLVEDVHGRQ
the intrinsic anisotropy of the seismic velocity 
RIWKHPLQHUDOROLYLQHZKLFKLVRQHRIWKHPDMRU
components of the upper mantle. Olivine crystals 
become oriented as they are subjected to strain, 
XVXDOO\FDXVHGE\PDQWOHÀRZ$VWKHSKS phase 
travels through an anisotropic medium it becomes 
VSOLWLHDIDVWDQGDVORZZDYHDUHSURGXFHG
0HDVXUHPHQWVRIVKHDUZDYHVSOLWWLQJ\LHOGWZR
parameters: the fast polarization direction, I, 
usually referred to geographic north, and the delay 
time, Gt. Laboratory experiments are essential to 
HVWDEOLVKWKHUHODWLRQVKLSEHWZHHQWKHGLUHFWLRQ
RIPDQWOHÀRZDQGWKHIDVWSRODUL]DWLRQGLUHFWLRQ
in olivine. In general, these experiments have 
VKRZQ WKDW WKH IDVW D[LV EHFRPHV RULHQWHG LQ
WKHGLUHFWLRQRIPDQWOHÀRZ-XQJet al.,
There is one notable exception, for type-B 
olivine the fast axis aligns perpendicular to the 
GLUHFWLRQ RI PDQWOH IORZ )URP WKHVH UHVXOWV
it is possible to infer the direction of mantle 
ÀRZXVLQJ VHLVPLFPHDVXUHPHQWV&RQQHFWLRQV
EHWZHHQ VHLVPLF DQLVRWURS\ DQG WKH WHFWRQLF
HQYLURQPHQW ZKHWKHU LW EH DFWLYHPDUJLQV RU
stable continental interiors, have been made in 
WKHSDVWHJ6LOYHU6DYDJH3DUN
DQG/HYLQ3DUWLFXODUO\VXEGXFWLRQ]RQHV
have come under intense scrutiny; see Long and 
6LOYHUIRUDUHYLHZ3UHYLRXVZRUN
in the case of Mexico has relied mostly on data 
from temporary deployments and has focused 
DURXQG WKH*XOI RI &DOLIRUQLD 2EUHEVNL et al., 
2006; Obrebski and Castro, 2008; van Benthem 
et al.,/RQJDQGRQVXEGXFWLRQRI
the Rivera and Cocos plates at the Middle America 
7UHQFK6WXEDLORDQG'DYLVDE
Bernal-Díaz et al., 2008; Soto et al.,5RMR
*DULEDOGL,QWKHSUHVHQWDUWLFOHGDWDIURP
DSHUPDQHQWEURDGEDQGQHWZRUNKDVEHHQXVHG
WKXV FRYHULQJ D ODUJH DUHD RI WKH FRXQWU\ZLWK
ZLGHO\VSDFHGVWDWLRQV7KLVDSSURDFKVWDQGVLQ
FRQWUDVWWRWHPSRUDU\GHSOR\PHQWVZKLFKXVXDOO\
FRYHUVPDOOHUDUHDVZLWKDGHQVHDUUD\
Data and Procedure
Most of the anisotropy measurements in this study 
used the SKS phase at epicentral distances greater 
WKDQ  $GGLWLRQDOO\ RWKHU FRUHWUDQVPLWWHG
phases such as sSKS, SKKS, and PKS ZHUH
used as available. Clear SKS readings at these 
GLVWDQFHV UHTXLUHG DPLQLPXPPDJQLWXGH RI
6.0, although occasionally smaller events proved 
XVHIXO 7KH UHFRUGVZHUH SURYLGHG E\0H[LFR¶V
6HUYLFLR6LVPROyJLFR1DFLRQDO661EURDGEDQG
QHWZRUN6LQJKet al.,7KH661GDWDEDVH
ZDV VHDUFKHG LQ WKH SHULRG IURP0D\  WR
HDUO\ -DQXDU\  ,W SURYLGHG D WRWDO RI 
HDUWKTXDNHVZLWKLQWKHGLVWDQFHDQGPDJQLWXGH
FULWHULD /RFDO SUREOHPV ZLWK WKH HTXLSPHQW
precluded the simultaneous recording of some 
HYHQWV E\ DOO VWDWLRQV 7KH GDWDZHUH VDPSOHG
20 times per second using Streckeisen STS-2 
broadband, three-component velocity sensors, 
H[FHSWDWVWDWLRQ7(,*ZKHUHD*HRWHFK.6
ERUHKROH VHLVPRPHWHU ZDV LQVWDOOHG )LJXUH 
VKRZVWKHVWXG\DUHDDQGWKHORFDWLRQRIWKH
stations used.
The procedure used to measure anisotropy 
ZDVH[SODLQHGE\6LOYHUDQG&KDQDQGLV
SUHVHQWHGKHUHRQO\EULHÀ\7KHVSOLWSKSZDYHV
DUH REVHUYHG LQ WKH IDVW DQG VORZ KRUL]RQWDO
FRPSRQHQWVZKLFKDUHRUWKRJRQDO ,QJHQHUDO
these are different from the radial and transverse 
FRPSRQHQWVZKLFKDUHDOVRRUWKRJRQDO,QRUGHU
to obtain I and Gt, a time segment containing the 
SKS arrival, or another P to S conversion at the 
FRUHPDQWOHERXQGDU\&0%LVVHOHFWHGIURPWKH
QRUWKVRXWKDQGHDVWZHVWKRUL]RQWDOFRPSRQHQWV
7KHWZRFRPSRQHQWVDUHURWDWHGE\RQHGHJUHHDW
DWLPHZLWKIUDQJLQJEHWZHHQDQG)RU
each value of I, the components are time shifted 
relative to each other using increments of 0.05 s, 
ZLWKGt ranging from 0 to 8 s. For each combination 
of I and Gt, the eigenvalues O1 and O2 of the FRYDULDQFHPDWUL[ EHWZHHQ WKH WZR RUWKRJRQDO
components are evaluated. For an anisotropic 
medium, O1 and O2ZLOOEHGLIIHUHQWIURP]HUR,QWKHSUHVHQFHRIQRLVHWKHGHVLUHGVROXWLRQZLOOEH
JLYHQE\WKHPDWUL[ZKLFKLVPRVWQHDUO\VLQJXODU
A grid search is then run through all combinations 
RII, GtZLWKLQWKHVSDFHRISRVVLEOHVROXWLRQVLQ
order to choose the minimum eigenvalue, O2min. 7KH DFWXDO YDOXHV RI I, Gt DVVRFLDWHG WRO2min 
characterize the anisotropy because the highest 
FURVVFRUUHODWLRQZLWKLQ WKHJLYHQ VSDFHRFFXUV
IRUWKHIDVWDQGVORZZDYHIRUPV6RPHWLPHVWKH
measurement returns a null value and splitting of 
WKHVKHDUZDYHFDQQRWEHGHWHFWHGDVLVWKHFDVH
IRUDQ\RIWKHWKUHHIROORZLQJVLWXDWLRQVGt = 
VLQGLFDWHVWKHDEVHQFHRIDQLVRWURS\I = Ib means that the fast axis, I,LVRULHQWHGZLWKWKH
back azimuth, Ib.I = IbPHDQVWKDW
the fast axis is perpendicular to the back azimuth.
)LJXUHDVKRZVWKHSKS arrival on the radial 
and transverse components at SSN station OXIG 
IRU WKH HDUWKTXDNH RI 0D\   VRXWK RI
WKH)LML ,VODQGV7KHK\SRFHQWHUZDV ORFDWHGDW
NPGHSWK DQG WKH HSLFHQWUDO GLVWDQFHZDV
7DEOHOLVWVWKHHYHQWVXVHGLQWKLVVWXG\
WRTXDQWLI\XSSHUPDQWOHDQLVRWURS\(DFKSKS 
ZDYHIRUPZDV FKRVHQE\YLVXDO LQVSHFWLRQDQG
D ¿UVW RUGHU EDQGSDVV %XWWHUZRUWK ¿OWHU ZDV
DSSOLHG ,Q HYHU\ FDVH DQ DWWHPSW ZDVPDGH
to retain the broadest bandpass possible, but 
WKH DFWXDO FRUQHU IUHTXHQFLHVZHUH GHWHUPLQHG
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EDVHG RQ WKH IUHTXHQF\ RI WKH QRLVH DIIHFWLQJ
HDFK UHFRUG 7KH ORZ IUHTXHQF\ FRUQHU ZDV
FKRVHQLQWKHUDQJHIURPWR+]SHULRGV
EHWZHHQDQGVZKLOHWKHKLJKIUHTXHQF\
FRUQHUYDULHGEHWZHHQDQG+] IURP
WRVZKLFK LVDSSURSULDWH IRU WKHSKDVHV
XVHGDQG WKHH[SHFWHGGHOD\ WLPHV :ROIHDQG
6LOYHU$WLPHVHJPHQWLQFOXGLQJRQO\WKH
VHOHFWHG SKDVHZDV FXW IURP WKH VHLVPRJUDP
In Figure 2 the time series is 33 s long and is 
typical of the record lengths used throughout 
WKLV ZRUN )LJXUH  VKRZV WKH FRPELQDWLRQ RI
I, GtSURGXFLQJWKHPLQLPXPHLJHQYDOXHO2min. 
The black dot means that the delay time, Gt, is 
1.05 s and the fast axis, I,LVHDVWRIQRUWK
7KH¿UVWFRQWRXUDURXQGWKHGRWERXQGVWKH
FRQ¿GHQFHLQWHUYDOIRUWKHPHDVXUHPHQW$OOWKH
Figure 1. Average measurements of I and Gt for stations in southern Mexico. The length of the black bars is proportional 
to GtDVLQGLFDWHGLQWKHOHJHQG7KHJUD\EDUDW&8,*UHSUHVHQWVDSRRUO\FRQVWUDLQHGPHDVXUHPHQW%ODFNDUURZV
LQGLFDWHWKHGLUHFWLRQRIDEVROXWHPRWLRQIRUWKH1RUWK$PHULFDQSODWH*UD\DUURZVVKRZWKHGLUHFWLRQRIWKHUHODWLYH
SODWHPRWLRQVIRUHLWKHUWKHVPDOO5LYHUDQRUWKZHVWRUWKHODUJHU&RFRVVRXWKHDVWSODWHUHODWLYHWR1RUWK$PHULFD
Velocities are given in cm/yr for both the APM and the RPM. The Middle America Trench is represented by the line 
ZLWKVPDOOWULDQJOHV7KH7UDQV0H[LFDQ9ROFDQLF%HOW709%LVLQGLFDWHGE\WKHOLJKWVKDGLQJ6ROLGOLQHVUHSUHVHQW
WKH LVRGHSWKFRQWRXUVRIK\SRFHQWHUVZLWKLQWKHVXEGXFWLQJ5LYHUDDQG&RFRVSODWHV/LQHVDUHGDVKHGZKHUHQR
K\SRFHQWHUVZHUHDYDLODEOH&RQWRXUVZHVWRI:DUHIURP3DUGRDQG6XiUH]ZKLOHFRQWRXUVHDVWRI:
DUHIURP5RGUtJXH]3pUH],QDOOFDVHVFRQWRXUVGHHSHUWKDQNPDUHIURP5RGUtJXH]3pUH]$OVR
VKRZQDUHWKH5LYHUD7UDQVIRUP)DXOW57)(DVW3DFL¿F5LVH(35(O*RUGR*UDEHQ(**2UR]FR)UDFWXUH=RQH
2)=2¶*RUPDQ)UDFWXUH=RQH2*)=DQG7HKXDQWHSHF5LGJH75)RXUOHWWHUVWDWLRQFRGHVZHUHVKRUWHQHGE\
dropping the -IG ending common to all of them.
Figure 2. SKSZDYHIURPWKHHYHQWRI0D\VRXWKRIWKH)LML,VODQGV6:
h = 586 km, M UHFRUGHGDWEURDGEDQGVWDWLRQ2D[DFD2;,*7KHHSLFHQWUDOGLVWDQFHLV
D7KHUDGLDODQGWUDQVYHUVHYHORFLW\FRPSRQHQWVDUHVKRZQE7KHUDGLDODQGWUDQVYHUVH
FRPSRQHQWVDUHVKRZQDIWHUFRUUHFWLQJIRUVSOLWWLQJXVLQJWKHYDOXHVWKDWZHUHPHDVXUHG
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Table 1.6RXUFHSDUDPHWHUVRIWKHHDUWKTXDNHVXVHGWRPHDVXUHXSSHUPDQWOHDQLVRWURS\
Date Origin time Lat. Long. Depth Mag. Location
Y/M/D H:M:S (°N) (°E) (km)
      6RXWKRI)LML,VODQGV
      %RQLQ,VODQGVUHJLRQ
      )ORUHVUHJLRQ,QGRQHVLD
      /R\DOW\,VODQGVUHJLRQ
      1HZ%ULWDLQUHJLRQ3DSXD1HZ*XLQHD
      (DVWHUQ5XVVLDQRUWKHDVWHUQ&KLQD
      )LML,VODQGVUHJLRQ
      .HUPDGHF,VODQGV
      +RNNDLGRUHJLRQ-DSDQ
      1HZ,UHODQGUHJLRQ3DSXD1HZ*XLQHD
      .XULO,VODQGV
      .HUPDGHF,VODQGV
      .HUPDGHF,VODQGV
      6RXWK6DQGZLFK,VODQGVUHJLRQ
      7XUNH\
      9DQXDWX,VODQGV
      6RORPRQ,VODQGV
      9ROFDQR,VODQGVUHJLRQ-DSDQ
      6DQWD&UX],VODQGV
      6RXWKHDVWRI5\XN\X,VODQGV
      6RXWKRI)LML,VODQGV
      .HUPDGHF,VODQGVUHJLRQ
      6RXWK$WODQWLF2FHDQ
      %DQGD6HD
      6RORPRQ,VODQGV
      6RXWK6DQGZLFK,VODQGVUHJLRQ
      1HZ%ULWDLQUHJLRQ3DSXD1HZ*XLQHD
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RWKHUFRQWRXUVDUHPXOWLSOHVRIWKH¿UVWRQHDQG
are located at higher “elevations” or mountains. 
The black dot is located at the bottom of a valley. 
7KHFRQ¿GHQFHFRQWRXUZDVFDOFXODWHGXVLQJ
HTXDWLRQ  LQ 6LOYHU DQG &KDQ  DQG
taking one degree of freedom for each second 
of the record containing the SKSDUULYDO6LOYHU
DQG&KDQ.0)LVFKHU%URZQ8QLYHUVLW\
SHUVRQDOFRPPXQLFDWLRQ7KHXQFHUWDLQWLHV
are read directly from the contour plots. In this 
FDVHWKHPHDVXUHPHQWZLWKLWVV uncertainty is 
I, Gt V,QWKHHYHQWWKDW
WKHFRQ¿GHQFHUHJLRQLVQRWDSSUR[LPDWHO\
V\PPHWULF WKH ODUJHVW RI WKH WZR SRVVLEOH V 
YDOXHVLVXVHGLHLQJRLQJIURPWRDV
RSSRVHGWRJRLQJIURPWR)LJXUH7KH
FRQWRXUSORWVDUHDOVRXVHIXOWRJDXJHWKHTXDOLW\
RIWKHPHDVXUHPHQWV)RUH[DPSOHDODUJH
FRQ¿GHQFHDUHDPHDQVWKDWWKHSDUDPHWHUVDUH
poorly constrained. If multiple minima occur 
then the measurement is not reliable. Another 
SRVVLELOLW\ LV WKDW WKH  FRQWRXU GRHV QRW
close, thus indicating a null measurement. All the 
individual splitting measurements are reported 
in Table 2.
It is important to run a number of checks in 
order to make sure that the observation of SKS 
energy on the transverse component is indeed 
the result of anisotropy and does not arise from 
D GLIIHUHQW SURFHVV VXFK DV VFDWWHULQJ 6LOYHU
DQG&KDQ6DYDJH/LNHZLVHWKHVH
checks mean that the values determined for I and GtDUHUHOLDEOH$Q³XQVSOLWWLQJ´FRUUHFWLRQLV
applied to the radial and transverse records using 
WKHHVWLPDWHGVSOLWWLQJSDUDPHWHUV,II, GtGR
describe anisotropy, then the SKS ZDYHPXVW
disappear, or at least its amplitude is decreased, 
IURPWKHFRUUHFWHGWUDQVYHUVHFRPSRQHQW)LJXUH
E6LPLODUO\WKHDPSOLWXGHRISKS is increased 
on the corrected radial component, although this 
HIIHFWLVVPDOO7KHSDUWLFOHPRWLRQRIWKHSKS 
arrival in the transverse component is plotted 
as function of the radial component. Before the 
unsplitting correction, particle motion must be 
DSSUR[LPDWHO\ HOOLSWLFDO )LJXUH D DQG DIWHU
FRUUHFWLRQLWEHFRPHVQHDUO\OLQHDU)LJXUHE
The N-S and E-W records are rotated through the 
Figure 3.&RQWRXUSORWVKRZLQJWKHPLQLPXPYDOXHLQ
I, GtVSDFHDVLQGLFDWHGE\WKHGRW,QWKLVFDVHWKH
IDVWSRODUL]DWLRQGLUHFWLRQLV1(DQGWKHGHOD\WLPH
LVV7KH¿UVWFRQWRXUDURXQGWKHGRWERXQGVWKH
FRQ¿GHQFHUHJLRQ
Figure 4. $ IXUWKHU FKHFNZDV D FRPSDULVRQ RI WKH
particle motion in the transverse component as a 
IXQFWLRQ RI WKH UDGLDO D %HIRUH FRUUHFWLQJ IRU WKH
DQLVRWURS\WKHSDUWLFOHPRWLRQLVHOOLSWLFDOE$IWHUD
correction for the measured anisotropy is applied, the 
particle motion becomes close to linear.
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Table 2. Individual splitting parameters measured at each station.
Station Date ĳb Phase ĳ ıĳ įW ıįW
  Y/M/D (°)  (°) (°) (s) (s)
&$,*   6.6    
    V6.6    
    6.6    
    6.6    
    6.6    
&&,*   6.6    
    6.6    
    6.6    
&-,*   6.6    
  2000/08/21 148.88 SKS -23 12 1.35 0.55
    6.6    
    6.6    
  2002/10/04 245.10 SKS -41 - - -
&0,*   V6.6    
  2002/06/22 32.68 SKKS 44 - - -
    6.6    
  2002/10/22 248.86 SKS 52 - - -
    6.6    
    6.6    
    6.6    
    6.6    
&2,*   6.6    
    6.6    
    6.6    
    6.6    
    6.6    
    6.6    
    6.6    
CUIG 2000/05/06 261.25 SKS 38 55 1.20 1.25
+8,*   6.6    
    6.6    
    6.6    
    6.6    
    6.6    
    6.6    
  2000/05/06 261.50 SKS 50 43 1.10 0.60
  2000/06/14 244.58 SKS 63 - - -
  2002/10/04 248.31 SKS 66 - - -
    6.6    
    6.6    
/9,*   6.6    
    6.6    
    6.6    
    6.6    
GEOFÍSICA INTERNACIONAL
OCTOBER - DECEMBER 2013      
Table 2. Continuation.
Station Date ĳb Phase ĳ ıĳ įW ıįW
  Y/M/D (°)  (°) (°) (s) (s)
02,*   6.6    
    6..6    
  2002/08/15 288.85 PKS 25 - - -
    6.6    
    6.6    
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    6.6 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  6.6    
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  6.6    
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  6.6    
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  6.6    
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  6.6    
  2000/03/28 301.82 SKS 32 - - -
    3.6    
    6.6    
    6.6    
  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 6.6    
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 6.6    
    6.6    
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  6.6    
    6.6    
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  6.6    
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  6.6    
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 6.6    
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 V6.6    
  2000/05/06 261.01 SKS 13 10 1.35 0.45
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 6.6    
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    6.6    
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 V6.6    
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 
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    6.6    
    6.6    
    6.6    
    6.6    
    6.6    
    6.6    
    3.6    
31,*   6.6    
    6.6    
    6.6    
    V6.6    
  2002/06/28 325.63 SKS 26 51 0.50 0.40
    6.6    
33,*   6.6    
    3.6  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 6.6    
  2003/08/04 156.03 SKS 22 56 1.80 2.55
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Table 2. Continuation.
Station Date ĳb Phase ĳ ıĳ įW ıįW
  Y/M/D (°)  (°) (°) (s) (s)
SCIG 2002/05/08 251.16 SKS -16 - - -
    6.6    
7(,*   6.6    
    6.6    
    6.6    
  2002/06/28 331.62 SKS 60 - - -
    6.6    
73,*   6.6    
    6.6    
    6.6    
78,*   6.6    
  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'DWHVRIWKHHDUWKTXDNHVDQGWKHSKDVHVXVHGWRPHDVXUHLQGLYLGXDOVSOLWWLQJSDUDPHWHUVDWHDFKVWD-
tion. ĳb is the back azimuth. Parameter ĳLVWKHIDVWSRODUL]DWLRQGLUHFWLRQPHDVXUHGHDVWRIQRUWKįW
is the delay time, and ıĳ and ıįWDUHWKHıXQFHUWDLQWLHV1XOOPHDVXUHPHQWVDUHUHSUHVHQWHGZLWKDQRQ]HURYDOXHIRUĳDQGGDVKHVIRUWKHQH[WWKUHHFROXPQV
7KHUHIRUHDQ\RIWKHWKUHHIROORZLQJVLWXDWLRQVFRXOGRFFXUIRUWKHSDUWLFXODUHDUWKTXDNHWRVWDWLRQ
path being considered: ĳ§ĳb, ĳ§ĳbRUįW§V7KHDFWXDOYDOXHOLVWHGIRUĳLVXVHGDVDSRVVLEOHLQWHUSUHWDWLRQRIWKHGDWDDQGLVLQWHQGHGDVDGGLWLRQDOLQIRUPDWLRQZKHUHDSSURSULDWH
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angle IWRREWDLQWKHVORZDQGIDVWFRPSRQHQWVRI
the SKSSXOVH7KHIDVWDQGVORZZDYHIRUPVPXVW
have roughly the same shape and the fast SKS 
PXVWDUULYHEHIRUHWKHVORZSKS by an amount 
DSSUR[LPDWHO\HTXDOWRWKHPHDVXUHGGt)LJXUH
6KLIWLQJWKHVORZZDYHIRUZDUGE\DWLPHGt 
VKRXOGDOLJQLWZLWKWKHIDVWZDYH
LVZRUWKPHQWLRQLQJWKDWWKHDYHUDJHXQFHUWDLQW\
LQ7DEOHLV7KHVPDOOHVWGHOD\WLPHLV
s and the largest is 2.25 s. The average delay 
time is 1.20 s. The smallest 1VGt uncertainty for 
the delay time is 0.20 s, and the largest is 4.20 
s at station CCIG, although this is an extreme 
value. The second largest 1VGt uncertainty is 2.60 V 7KH DYHUDJH XQFHUWDLQW\ KRZHYHU LVPXFK
ORZHU DW  V 7KH VWDWLRQ ZLWK WKH ODUJHVW
QXPEHU RI REVHUYDWLRQV LV 3/,*ZLWK QLQHWHHQ
UHFRUGV VKRZLQJ FOHDUO\ VSOLW ZDYHIRUPV DQG
three null measurements given that it had the 
largest number of records meeting the selection 
criteria previously explained. Station CUIG had 
WKHIHZHVWREVHUYDWLRQVRQO\RQHZLWKDFOHDUO\
VSOLWZDYHIRUPZDVDYDLODEOH6LQFHWKLVVWDWLRQLV
ORFDWHGZLWKLQ0H[LFR&LW\FXOWXUDOQRLVHLVFHUWDLQO\
a problem. On average, 6.8 measurements are 
reported per station. Some sites are noisier 
WKDQRWKHUV$GGLWLRQDOO\ WKHVWDWLRQVZHUHQRW
installed simultaneously and some of them had 
EHHQUXQQLQJIRURQO\DVKRUWWLPHZKHQWKHGDWD
IRUWKLVVWXG\ZHUHJDWKHUHG(YHQWKRXJKUHFRUGV
IURPGLIIHUHQW HDUWKTXDNHVZHUHDQDO\]HG
RQO\RIWKHPJHQHUDWHGREVHUYDEOHP to S CMB 
conversions at the various stations. The individual 
VSOLWWLQJSDUDPHWHUVDUHVKRZQLQ)LJXUH
$YHUDJHVSOLWWLQJSDUDPHWHUVZHUHFDOFXODWHG
for each station using the stacking method of Wolfe 
DQG6LOYHU7KHHUURUVXUIDFHDVVRFLDWHGWR
the contour plot of each individual measurement is 
normalized by its minimum eigenvalue, O2,imin. The 
normalized error surfaces from all measurements 
DW WKH VWDWLRQ DUH WKHQ VXPPHG ,Q WKLV ZD\
the best splitting parameters are given by the 
PLQLPXP YDOXH RI WKH VXP DQG D QHZ 
FRQ¿GHQFH LQWHUYDO LV REWDLQHG $V WKH QRLVH
SURSHUWLHVYDU\IRUGLIIHUHQWHDUWKTXDNHVVWDFNLQJ
HYHQWVZLWKD VLPLODUSRODUL]DWLRQ LPSURYHV WKH
¿QDOUHVXOW:ROIHDQG6LOYHU7KHUHIRUH
WKH VL]H RI WKH  FRQ¿GHQFH UHJLRQ IRU WKH
averaged values is smaller than for the individual 
measurements. The averaged splitting parameters 
DUHSUHVHQWHGLQ7DEOHZKLFKLQFOXGHVWKHIDVW
polarization direction and the delay time, both 
ZLWK WKHLU FRUUHVSRQGLQJ V uncertainties, as 
ZHOODVWKHVWDWLRQV¶FRRUGLQDWHVDQGJHRJUDSKLF
location, and the total number of clearly split and 
null measurements. In this case, the smallest 
1VI uncertainty for the fast polarization direction LVZKLOHWKHODUJHVWLV6WULFWO\VSHDNLQJ
WKHUHDUHWKUHHXQFHUWDLQWLHVRIDQG
at stations CUIG, HUIG, and TUIG, respectively. 
These stations only had one split measurement 
each and so the individual measurement is 
UHSRUWHGDVWKHDYHUDJH$VVKRZQLQ7DEOHDQG
in Figure 6, the results at stations HUIG and TUIG 
are considered reliable because they also had null 
PHDVXUHPHQWVFRQVLVWHQWZLWKWKHRQO\VSOLWYDOXH
reported. The average 1VI uncertainty in Table 3 LV7KHVPDOOHVWGHOD\WLPHLVVDQGWKH
Figure 5. Once the fast polarization direction is 
NQRZQWKH16DQG(:KRUL]RQWDOUHFRUGVDUHURWDWHG
through the angle I LQ RUGHU WR REWDLQ WKH VORZDQG
fast components of the SKS SXOVH 7KHVHDUH VKRZQ
normalized to the same amplitude.
Results
Table 1 lists the events that provided useful data 
IRU WKLV VWXG\ (DUWKTXDNH LQIRUPDWLRQ LQFOXGHV
the date, origin time, hypocenter, magnitude, and 
the geographic location. A total of 136 individual 
VSOLWWLQJPHDVXUHPHQWV ZHUHPDGH DW WZHQW\
different stations and are given in Table 2. The 
parameters are the fast polarization direction and 
WKH GHOD\ WLPH ERWKZLWK WKHLU FRUUHVSRQGLQJ
1V uncertainties. Also provided are the date 
of the event, the back azimuth, and the phase 
XVHGSKS, SKKS, sSKS, or PKS7KHREVHUYHG
orientations of the fast polarization direction 
SUDFWLFDOO\ VSDQ WKH ZKROH VSDFH RI SRVVLEOH
VROXWLRQV IURP  WR  7KH VPDOOHVW VI XQFHUWDLQW\IRUWKHIDVWSRODUL]DWLRQGLUHFWLRQLV
ZKLOHWKHODUJHVWLV7KHODWWHUYDOXHLVTXLWH
ODUJHDQGVXFKDQHVWLPDWHQRUPDOO\ZRXOGQRW
be reliable. In general, such large uncertainties 
DULVHIURPDSRRUVLJQDOWRQRLVHUDWLR:HDOORZHG
ODUJHXQFHUWDLQWLHVIRUDIHZPHDVXUHPHQWVLIWKH
GDWD DW WKH VWDWLRQZHUH VFDUFH )XUWKHUPRUH
:ROIHDQG6LOYHUVKRZHGWKDW LQFHUWDLQ
FDVHV VWDFNLQJPHDVXUHPHQWVZLWK ODUJH HUURU
regions can lead to improved estimates of the 
VSOLWWLQJ SDUDPHWHUV $V H[SODLQHG EHORZ RXU
PHDVXUHPHQWV IRU HDFK VWDWLRQZHUH DYHUDJHG
using the stacking method proposed by Wolfe and 
6LOYHUDQGFRQVHTXHQWO\KDYHVPDOOHUV 
uncertainties than the individual measurements. It 
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ODUJHVWLVV7KHDYHUDJHGHOD\WLPHLV
s. The smallest 1VGt uncertainty for the delay time LVVZKLOHWKHODUJHVWLVV7KHDYHUDJH
XQFHUWDLQW\LVV6WDWLRQ6&,*RQO\KDGWZR
null measurements from nonorthogonal back 
azimuths, so it is interpreted to have splitting 
EHORZ WKH WKUHVKROGRI WKHGDWD 7KHDYHUDJHG
VSOLWWLQJSDUDPHWHUVDUHVKRZQLQ)LJXUH
Discussion
)LJXUHVKRZVWKHDYHUDJHGVSOLWWLQJSDUDPHWHUV
at each station and the tectonic environment of the 
VWXG\DUHD7KHEHVWFRYHUDJHLVIRXQGEHWZHHQ
 DQG : ORQJLWXGH 7KH VWXG\ DUHDZDV
divided into several regions based on variations 
LQWKHWHFWRQLFHQYLURQPHQWDVZHOODVGLIIHUHQFHV
in the measured anisotropy parameters. They are 
GLVFXVVHGEHORZ
Mexican Subduction Zone Between 96 and 
101°W Longitude
,Q WKLV UHJLRQ )LJXUH  VXEGXFWLRQ RI WKH
Cocos plate under the North American plate at 
WKH0LGGOH$PHULFD7UHQFK0$7LVERXQGHGE\
WKH ODQGZDUG H[WHQVLRQ RI WKH2UR]FR )UDFWXUH
=RQH2)=DQGWKH7HKXDQWHSHF5LGJH757KH
UHODWLYH YHORFLW\ EHWZHHQ WKH &RFRV DQG1RUWK
$PHULFDQSODWHVLQFUHDVHVIURPFP\ULQWKH
QRUWKZHVWWRFP\ULQWKHVRXWKHDVWPRGHO
PVEL in DeMets et al. ZKLOH WKH&RFRV
SODWHPRYHV LQ WKH GLUHFWLRQa1( 7KH IDVW
polarization direction for many stations in this 
region is approximately the same as the relative 
Figure 6. D ,QGLYLGXDO PHDVXUHPHQWV RI I and Gt at stations in southern Mexico. Symbols are as 
in Figure 1. Additionally, null measurements from 
WZR QRQRUWKRJRQDO EDFN D]LPXWKV DUH UHSUHVHQWHG
E\ WKHZKLWH EDUV IRUPLQJ WZR FURVVHV IRU VWDWLRQ
6&,*ZKLFKLVLQWHUSUHWHGWRKDYHVSOLWWLQJEHORZWKH
threshold of the data. Other null measurements are 
VKRZQ RQO\ IRU VWDWLRQVZLWK D IHZZHOO FRQVWUDLQHG
splitting measurements. The fast directions for these 
QXOOPHDVXUHPHQWVZHUHFKRVHQWREHFRQVLVWHQWZLWK
the split observations. The box represents the area 
VKRZQDVDQLQVHWLQE
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SODWHPRWLRQ530EHWZHHQWKH&RFRVDQG1RUWK
American plates, and approximately perpendicular 
to the MAT. Most of these stations overlie the 
&RFRV SODWHZKHUH LW VXEGXFWV VXEKRUL]RQWDOO\
3DUGRDQG6XiUH]3pUH]&DPSRVet al., 
+XVNHUDQG'DYLVDQGOLNHO\UHÀHFW
WKHÀRZGLUHFWLRQRIWKHXSSHUPDQWOHEHORZWKH
slab. Given the conditions expected to prevail 
EHQHDWKWKHVODEVXFKDVORZVWUHVVORZZDWHU
FRQWHQW DQG UHODWLYHO\ KLJK WHPSHUDWXUH ZH
DVVXPHWKDWWKHODWWLFHSUHIHUUHGRULHQWDWLRQ/32
RIROLYLQH LVRI W\SH$-XQJet al., 2006; Long 
DQG6LOYHU7KHUHIRUHWKHIDVWDQLVRWURS\
D[LV DQGPDQWOHÀRZDUHRULHQWHG LQ WKH VDPH
GLUHFWLRQ ,W DOVR IROORZV WKDW ÀRZ LV HQWUDLQHG
under the subhorizontal Cocos slab. Most regions 
ZLWK VXEVWDQWLDO VXEVODE VSOLWWLQJ DURXQG WKH
ZRUOGKRZHYHUVKRZWUHQFKSDUDOOHOIZKLFKLV
LQWHUSUHWHGDV'UHWXUQÀRZLQGXFHGE\WUHQFK
PLJUDWLRQ/RQJDQG6LOYHU3HUKDSV WKH
most notable exception is the Cascadia subduction 
]RQHZKHUHDWUHQFKSHUSHQGLFXODUSDWWHUQKDV
EHHQIRXQG&XUULHet al., 2004; Long and Silver, 
7UHQFKSHUSHQGLFXODUIDVWGLUHFWLRQVKDYH
also been reported by other studies in Mexico 
using SKS phases. Soto et al.  IRXQG
trench-perpendicular I ZKHUH WKH 5LYHUD SODWH
VXEGXFWV EHQHDWK WKH -DOLVFR EORFN WKH UHJLRQ
EHWZHHQVWDWLRQV&-,*DQG&2,*LQ)LJXUHVDQG
 RI WKLV VWXG\ 'DWD IURP WKH0HVRDPHULFDQ
6XEGXFWLRQ([SHULPHQW0$6(DUUD\DOLQHRI
seismometers running north and starting just east 
Table 3. Averaged splitting parameters measured at each station.
Station Lat. Long. ĳ ıĳ įW ıįW        N        Location
 (°N) (°E) (°) (°) (s) (s) Split Null
&$,*         (O&D\DFR*UR
&&,*         &RPLWiQ&KLV
&-,*         &KDPHOD-DO
&0,*         &RO&XDXKWpPRF2D[
&2,*         &ROLPD&RO
CUIGa         &LXGDG8QLYHUVLWDULD')
+8,*         +XDWXOFR2D[
/9,*         /DJXQD9HUGH9HU
02,*         0RUHOLD0LFK
2;,*         2D[DFD2D[
3/,*         3ODWDQLOOR*UR
31,*         3LQRWHSD1DFLRQDO2D[
33,*         3RSRFDWpSHWO7ODPDFDV3XH
6&,*         6DEDQFX\&DPS
7(,*         7HSLFK45
73,*         7HKXDFiQ3XH
78,*         7X]DQGpSHWO9HU
<$,*         <DXWHSHF0RU
=$,*         =DFDWHFDV=DF
=,,*         =LKXDWDQHMR*UR
Parameter ĳLVWKHIDVWSRODUL]DWLRQGLUHFWLRQPHDVXUHGHDVWRIQRUWKįW is the delay time, and ıĳ and ıįWDUHWKHıXQFHUWDLQWLHV$YHUDJHVZHUHFDOFXODWHGXVLQJWKHVWDFNLQJPHWKRGRI:ROIHDQG6LOYHU1LVWKHQXPEHURIPHDVXUHPHQWVDYDLODEOHIRUDQDO\VLV7KHDEEUHYLDWLRQVDIWHUWKHORFDWLRQV
stand for the names of Mexican states.
7KHVWDWLRQZLWKDYDOXHIRUĳDQGGDVKHVIRUWKHQH[WWKUHHFROXPQVGRHVQRWH[KLELWVSOLWWLQJIURP
DWOHDVWWZRGLIIHUHQWQRQRUWKRJRQDOEDFND]LPXWKVĳbDQGLVLQWHUSUHWHGDVKDYLQJVSOLWWLQJEHORZWKH
threshold of the data.
aData at station CUIG are noisy, a measurement is provided but it is poorly constrained.
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RI&$,*)LJXUHVKRZDQDYHUDJHIRI1(
IRUVWDWLRQVLQWKHIRUHDUFZKLOHIDYHUDJHV1:
IRUVWDWLRQV LQ WKHEDFNDUFWKHYROFDQLFDUF LV
located at the southern edge of the Trans-Mexican 
9ROFDQLF%HOW6WXEDLORDQG'DYLVD
E 5RMR*DULEDOGL  )DUWKHU HDVW
PHDVXUHPHQWVIURPWKH9HUDFUX]2D[DFD9(2;
SUR¿OHDOLQHRIVHLVPRPHWHUVUXQQLQJQRUWK
VRXWK DFURVV WKH ,VWKPXVRI 7HKXDQWHSHF MXVW
ZHVWRI&0,*LQ)LJXUHUHYHDOIDVWGLUHFWLRQV
FRQVLVWHQWZLWKQHDUE\661VWDWLRQV78,*&0,*
DQG+8,*%HUQDO'tD]et al.,
,Q RUGHU WR DOORZ IRU WKH ' UHWXUQ IORZ
induced by trench migration observed at most 
VXEGXFWLRQ]RQHV/RQJDQG6LOYHU
propose the existence of a thin decoupling zone 
EHWZHHQ WKH GRZQJRLQJ VODE DQG WKH VXEVODE
mantle. The decoupling zone may result from 
the entrainment of a thin layer of buoyant 
DVWKHQRVSKHUHZKLFKLVSURGXFHGWKURXJKVKHDU
VWUDLQDQGVKHDUKHDWLQJ3KLSSV0RUJDQet al., 
/RQJDQG6LOYHU,QWKLVVWXG\
KRZHYHUWKHDSSUR[LPDWHO\WUHQFKSHUSHQGLFXODU
fast directions observed beneath the Cocos plate 
in the Mexican states of Guerrero and Oaxaca, 
MXVWOLNHREVHUYDWLRQVDW&DVFDGLD/RQJDQG6LOYHU
VXJJHVWWKDWWKHWKLQGHFRXSOLQJ]RQHGRHV
QRWH[LVW7KHUHIRUHWKHGRZQJRLQJVODEDQGVXE
VODEPDQWOHDUHFRXSOHGDWGHSWKZKLFKUHVXOWVLQ
HQWUDLQHGÀRZ7KHDJHRIWKHVXEGXFWLQJRFHDQLF
Cocos plate at the MAT offshore Guerrero and 
2D[DFDLVDSSUR[LPDWHO\EHWZHHQDQG0\U
.DQMRUVNL%RWK&DVFDGLDDQGWKH0LGGOH
America Trench represent the most extreme 
examples of the subduction of young lithosphere. 
&RQVHTXHQWO\/RQJDQG6LOYHUK\SRWKHVL]H
that the amount of strain is not yet high enough 
for the shear mechanism to reach steady state 
and so decoupling has not yet occurred. Farther 
east along the MAT, in Nicaragua and Costa 
Rica, Abt et al.LQWHUSUHWWKHLUDQLVRWURS\
measurements using teleseismic SKS and local 
SSKDVHVDVPDQWOHÀRZSDUDOOHO WRWKHWUHQFK
both beneath the subducted Cocos slab and in 
WKHPDQWOHZHGJH 7KH DJH RI WKH OLWKRVSKHUH
VXEGXFWLQJDWWKH0$7WKHUHLVEHWZHHQDQG
0\U$EWet al.,
The trench-perpendicular fast directions found 
beneath the Cocos plate in Guerrero and Oaxaca in 
the present study stand in contrast to the trench-
parallel fast directions observed by Stubailo et al. 
XVLQJ5D\OHLJKZDYHV7KH\REWDLQHGSKDVH
YHORFLW\PDSVIRUZDYHVRIGLIIHUHQWSHULRGVLQWKH
range from 16 to 100 s. Since phase velocities 
provide a depth-integrated image of the upper 
mantle, they inverted the phase velocity maps and 
GHWHUPLQHGD'PRGHOIRUVKHDUZDYHYHORFLW\
and anisotropy. Their model is parameterized 
into three layers: the continental crust, mantle 
OLWKRVSKHUHDQGDVWKHQRVSKHUHGRZQWRDGHSWKRI
200 km. Both the lithospheric and asthenospheric 
OD\HUVVKRZWUHQFKSDUDOOHOIDVWGLUHFWLRQVLQWKH
IRUHDUFZLWK YDOXHV UDQJLQJ EHWZHHQ  DQG
\LQDQLVRWURS\)DUWKHUZHVWFRLQFLGHQWZLWK
Figure 7.  0DS VKRZLQJ
WKH UHODWLRQVKLS EHWZHHQ
measurements made at the 
0$56 VWDWLRQV 6RWR et al., 
 DQG WKRVH IURP 661
stations in the present study. 
The stations enclosed by 
dashed-line polygons are 
discussed in the main text. 
0$56 VWDWLRQ FRGHV ZHUH
shortened by dropping the 
0$SUH¿[
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WKH ODQGZDUGSURMHFWLRQRI WKH2UR]FR)UDFWXUH
Zone, the fast axes become trench-perpendicular. 
Stubailo et al.LQWHUSUHWWKHVHUHVXOWVDV
WRURLGDO ÀRZ LQWR WKHPDQWOHZHGJH FRPLQJ LQ
IURPWKHWZRHGJHVWKDWOLPLWWKHVHJPHQWRIWKH
&RFRVVODEORFDWHGEHWZHHQWKH2)=WRWKHHDVW
DQG WKH5LYHUDVODE WR WKHZHVW ,I WKH WUHQFK
parallel fast directions observed by Stubailo et al. 
LQ*XHUUHURDQG2D[DFDZKHUHWKHVODE
is subhorizontal, are interpreted as 3-D return 
ÀRZSURGXFHGE\WUHQFKUROOEDFNWKLVZRXOGEH
LQFRQVLVWHQWZLWKRXULQWHUSUHWDWLRQRIHQWUDLQHG
ÀRZ7KHGHOD\WLPHVPHDVXUHGIURPSKS splitting 
LQWKLVUHJLRQUDQJHIURPWRV8VLQJWKH
FRPPRQDVVXPSWLRQWKDWVKHDUZDYHDQLVRWURS\
LV6LOYHUDQG&KDQ6DYDJH
a delay time of 1 s corresponds to an effective 
thickness for the anisotropic layer of 115 km. 
Therefore, the observed delay times translate 
LQWR DQLVRWURSLF OD\HU WKLFNQHVVHV EHWZHHQ 
and 220 km. It is possible that the anisotropic 
regions sampled by the Rayleigh and SKSZDYHV
are different given that their paths are different. 
The sensitivity kernel for a period of 100 s peaks 
DW D GHSWK RI  NP 6WXEDLOR et al., 
DQG VR 5D\OHLJKZDYHV VDPSOH WKH OLWKRVSKHUH
preferentially. Thus, if the SKS anisotropic layer is 
SODFHGXQGHUWKH5D\OHLJKZDYHDQLVRWURSLFOD\HU
LWZRXOGVWDUWDWDGHSWKRIaNP$GPLWWHGO\
WKHYHUWLFDOUHVROXWLRQIRUVKHDUZDYHVSOLWWLQJLV
poor, but it is generally agreed that anisotropy 
UHVLGHVLQWKHVKDOORZSDUWRIWKHXSSHUPDQWOH
6LOYHU6DYDJH,IWKHDQLVRWURSLF
layer in the present study is placed too deep, 
KRZHYHULWZLOOQRORQJHUEHLQFRQWDFWZLWKWKH
VXEGXFWHGVODEDQGFRQVHTXHQWO\HQWUDLQHGÀRZ
cannot be used to explain the observed anisotropy. 
$SRVVLEOHZD\WRUHVROYHWKLVGLVFUHSDQF\PD\EH
WRFDUU\RXWDMRLQWLQYHUVLRQRIWKHVXUIDFHZDYH
and SKS data. Anisotropy in this region has also 
been reported by other researchers. Song and 
.LPEIRXQGWKDWWKHXSSHURFHDQLFFUXVWRI
WKHVXEGXFWLQJ&RFRVVODELVDQXOWUDVORZYHORFLW\
OD\HU86/,W LVWRNPWKLFNDQG LWVKRZV
DQLVRWURS\ ODUJHU WKDQ  $GGLWLRQDOO\ 6RQJ
DQG.LPDGLVFRYHUHGWKDWWKHWRSPRVW
km of the Cocos subducted oceanic mantle is an 
DQLVRWURSLFKLJKYHORFLW\OLG+9/
The average GtVGt for stations in the fore-DUF ZLWK WUHQFKSHUSHQGLFXODU I LV 
V7KHWUHQFKPLJUDWLRQUHWUHDWLQJYHORFLW\IRU
WKLV VHJPHQW RI WKH0$7 LV PP\U +HXUHW
DQG /DOOHPDQG  /RQJ DQG6LOYHU 
proposed a relationship for average subslab Gt 
as a function of trench migration velocity, mostly 
for trench-parallel I &DVFDGLD LV DQ H[FHSWLRQ
EXWLWLVDOVRLQFOXGHG7KHYDOXHVJLYHQDERYH
plot in their Figure 2 close to the entry for the 
MAT in Nicaragua and Costa Rica but Gt is smaller 
for Guerrero and Oaxaca, so they are roughly 
FRQVLVWHQWZLWKWKHWUHQGREVHUYHGE\/RQJDQG
6LOYHU&DOFXODWLRQZLWKWKHHTXDWLRQJLYHQ
in the caption to their Figure 2 predicts Gt 
s for the MAT in Guerrero and Oaxaca.
Mexican Subduction Zone East of 96°W 
Longitude
$VOLJKWaFORFNZLVHURWDWLRQRIWKHDQLVRWURS\
fast axes is observed for stations HUIG, CMIG, 
and TUIG relative to nearby stations PNIG, OXIG, 
DQG73,*ZKLFKDUHORFDWHGWRWKHZHVW)LJXUH
 7KHVH GLUHFWLRQV DUH DOVR FRQVLVWHQW ZLWK
preliminary SKSUHVXOWVIURPWKH169(2;SUR¿OH
GHSOR\HGMXVWZHVWRI&0,*%HUQDO'tD]et al., 
8VLQJ9(2;GDWDDQG ORFDOHDUWKTXDNHV
ZLWKLQ WKH&RFRV VODE /HyQ6RWRet al. 
found that the fast anisotropy axis is trench-
SHUSHQGLFXODU LQ WKH PDQWOH ZHGJH 6HYHUDO
changes in subduction zone morphology take 
SODFHLQWKLVDUHD7KH0LGGOH$PHULFD7UHQFK
PDNHVDEHQGVRXWKHDVWRIVWDWLRQ+8,*7KH
Tehuantepec Ridge intersects the MAT. The TR has 
long been recognized as a sharp contrast in the 
properties of the Cocos plate. The oceanic crust of 
the Guatemala Basin in the southeast is older and 
GHHSHUWKDQWKHUHJLRQQRUWKZHVWRIWKH75VHH
Manea et al.IRUDUHYLHZ7KHFRDVWOLQH
LV IDUWKHUDZD\ IURP WKH0$7 WKDQ LQ WKHDUHD
ORFDWHGWRWKHZHVWZKLFKLPSOLHVWKHH[LVWHQFH
RIDEURDGFRQWLQHQWDOVKHOI7KHVXEGXFWLQJ
Cocos plate is not subhorizontal anymore and 
GLSV DW DQ DQJOH RI a 3DUGR DQG 6XiUH]
5RGUtJXH]3pUH]0HOJDUDQG3pUH]
Campos, 2011; Kim et al.,)XUWKHUPRUH
recent results suggest the possibility of a tear in 
WKHVODEVRPHZKHUHLQWKHUHJLRQZKHUHLWFKDQJHV
IURP VXEKRUL]RQWDO WR D GLS RI a 3pUH]
Campos et al., 7KH URWDWLRQRI WKHSKS 
fast axes may be caused by the change in dip of 
the Cocos slab. Furthermore, this orientation may 
be transitional to the orientation of the fast axis 
DWVWDWLRQ7(,*LQWKH<XFDWiQSHQLQVXODZKLFK
FRLQFLGHVZLWKWKHDEVROXWHPRWLRQRIWKH1RUWK
American plate.
)DUWKHUHDVW)LJXUHWKHIDVWD[LVLVRULHQWHG
11(66:DQGKDVDVKRUWGHOD\WLPH
VDWVWDWLRQ&&,*7KLVGLUHFWLRQDJUHHVZLWKWKH
530 EHWZHHQ&RFRV DQG1RUWK $PHULFD DQG LV
roughly trench-perpendicular. South of CCIG the 
K\SRFHQWHUV UHDFKGHSWKVRIaNPDQG WKH
&RFRVVODEVXEGXFWVPRUHVWHHSO\aWKDQLQ
WKHUHJLRQWRWKHZHVW5RGUtJXH]3pUH]
7KHIDVWGLUHFWLRQPD\EHFRQVLVWHQWZLWKFRUQHU
ÀRZZLWKLQWKHPDQWOHZHGJH
Mexican Subduction Zone West of 101°W 
Longitude
$IHZVWDWLRQVDUHDYDLODEOHDWWKHZHVWHUQHQGRI
the subducting Cocos plate and around the Rivera 
SODWH %HWZHHQ WKH0$7 DQG WKH FRDVWOLQH WKH
TZHUW\XLRSDVGIJKMO E []4:(57
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ERXQGDU\EHWZHHQWKH&RFRVDQG5LYHUDSODWHVLV
FRQWLQXHGE\WKHEDWK\PHWULFIHDWXUHNQRZQDV(O
*RUGR*UDEHQZKLFKIXUWKHUH[WHQGVRQODQGDV
the N-S trending Colima rift. Additionally, Colima 
YROFDQR LV ORFDWHG ZLWKLQ WKH ULIW 7KH 5LYHUD
plate subducts more steeply than the adjacent 
&RFRVVODE3DUGRDQG6XiUH]DQGDJDS
EHWZHHQWKHWZRZDVLPDJHGWRPRJUDSKLFDOO\DW
GHSWKVJUHDWHUWKDQNP<DQJet al.,
This gap is located under the rift. Delay times 
at stations CJIG, COIG, and ZIIG are short and 
UDQJH IURP WR  V )LJXUH  6RWRet 
al. SUHYLRXVO\XVHGGDWD IURP&-,*DQG
&2,*WRJHWKHUZLWKUHFRUGVIURPWKH0DSSLQJWKH
5LYHUD6XEGXFWLRQ=RQH0$56H[SHULPHQW7KH
SUHVHQWVWXG\FRQFXUVZLWKWKHLQWHUSUHWDWLRQRI
Soto et al.7KHIDVWGLUHFWLRQDWVWDWLRQ
&-,*DQGDOVRDWWKHLUVWDWLRQV0$DQG0$
VKRZVWKDWWKHVXEVODEPDQWOHEHQHDWKWKHIRUH
DUFÀRZVDURXQGWKHZHVWHUQHGJHRIWKH5LYHUD
VODEDVWKHVXEGXFWHGSODWHUROOHGEDFN)LJXUH
The fast directions at COIG and stations MA01, 
0$0$0$DQG0$6RWRet al.,
ZLWKLQ WKH&ROLPD ULIW )LJXUHDUH FRQVLVWHQW
ZLWKPDQWOHÀRZWKURXJKWKHVODEJDSEHWZHHQ
WKH5LYHUDDQG&RFRVSODWHVDQGSHUKDSVZLWK
WKH IDFW WKDW &ROLPD YROFDQR LV ORFDWHGZLWKLQ
WKHULIW<DQJet al.,)HUUDULet al.
documented rollback of the Rivera plate based 
RQWKHWUHQFKZDUGPLJUDWLRQRIWKHYROFDQLFIURQW
DQGIXUWKHUSURSRVHGDVWKHQRVSKHULFLQ¿OWUDWLRQ
LQWR WKHPDQWOHZHGJH IURP ERWK WKHZHVWHUQ
and eastern edges of the subducted Rivera slab. 
Recent results of laboratory, analog models of the 
Rivera and Cocos slabs reveal complex patterns 
RI WRURLGDO DQG FRUQHUÀRZV LQ DJUHHPHQWZLWK
VHLVPLF DQLVRWURS\ VWXGLHV 1HXPDQQ et al., 

The SKS fast axis at station ZIIG is oriented 
1:DQGORRNVFOHDUO\GLIIHUHQWIURPREVHUYDWLRQV
WRWKHHDVWZKHUHWKHIDVWD[LVLVURXJKO\SDUDOOHO
WR WKH 530 EHWZHHQ&RFRV DQG1RUWK $PHULFD
)LJXUH  =,,* LV ORFDWHG QHDU WKH SURMHFWHG
extension of the Orozco Fracture Zone beneath 
the North American plate. The subducting Cocos 
SODWH GLSVPRUH VWHHSO\ZHVW RI WKH SURMHFWHG
2)= WKDQ WR WKH HDVWZKHUH WKH VXEKRUL]RQWDO
VODE LV IRXQG 3DUGR DQG 6XiUH]  %RWK
Stubailo et al.DQG'RXJKHUW\et al.
presented evidence for a tear in the Cocos slab 
underneath the projection of the OFZ. The SKS 
DQLVRWURS\SDWWHUQDW=,,*LVFRQVLVWHQWZLWKÀRZ
WKURXJKWKHJDSLQEHWZHHQWKHWZRVHJPHQWVRI
the torn slab. Furthermore, Stubailo et al.
LQWHUSUHWHGWKHDQLVRWURS\LQWKHLU5D\OHLJKZDYH
GDWDLQWHUPVRIWRURLGDOPDQWOHÀRZDURXQGWKH
VODEHGJHVGULYHQE\VODEUROOEDFN)HUUDUL
The fast anisotropy axes in the region around 
=,,*IURPVXUIDFHZDYHGDWDVDPSOLQJWKHPDQWOH
lithosphere and asthenosphere are oriented 
VOLJKWO\HDVWRIQRUWK6WXEDLORet al.,DQG
DUHVRPHZKDWGLIIHUHQWIURPWKHSKS data in the 
present study given that the fast axis at ZIIG is 
RULHQWHGVOLJKWO\ZHVWRIQRUWK
Fast Axes Oriented With the Absolute Plate 
Motion of North America
The absolute motion of the North American plate 
throughout southern Mexico is about 4 cm/yr 
DQGLVRULHQWHGLQDGLUHFWLRQa1(DFFRUGLQJ
to model HS3-NUVEL1A in Gripp and Gordon 
VHH)LJXUH$IHZVWDWLRQV02,*<$,*
DQG3/,* LQRUQHDU WKH709%KDYH WKHLU IDVW
GLUHFWLRQVDOLJQHGZLWKWKH$30DQGWKHLUGHOD\
times range from 1.00 to 1.15 s. Such a pattern 
can be explained as the rigid lithosphere moves 
DQGFRQVHTXHQWO\GUDJVWKHDVWKHQRVSKHUHEHORZ
6LOYHU  ,W LV H[SHFWHG LQ UHJLRQVZKHUH
other tectonic processes have not operated and 
LVREVHUYHGIUHTXHQWO\7KHDOLJQPHQWRIWKHIDVW
D[HVZLWKWKH$30DWWKHVHVWDWLRQVPD\VLJQDO
a change in the tectonic regime as one moves 
DZD\ IURP WKH0$7 6RWR et al.  IRXQG
WKHIDVWD[HV IRUVWDWLRQVZLWKLQWKH&ROLPDULIW
oriented ~N-S. Stations located just east of 
the Colima rift and south of the Chapala-Tula 
ULIW &75 KRZHYHU VKRZ IDVW D[HV URWDWHG WR
~NE-SW and ~ENE-WSW. Interestingly, the fast 
axes at the northernmost stations MA16, MA23, 
DQG0$MXVWVRXWKRIWKH&75DJUHHZLWKWKH
measurements at MOIG located at about the 
VDPHODWLWXGHEXWaNPIDUWKHUHDVW)LJXUH
ZKLFKPLJKW VXJJHVWD FRQVLVWHQW WUHQG IRU
VWDWLRQVZLWKLQWKH709%HDVWRI&ROLPDULIW
A single splitting measurement at CUIG 
VLVSRRUO\FRQVWUDLQHGEXW
LWV ODUJH  FRQ¿GHQFH LQWHUYDO LV FRQVLVWHQW
ZLWKQHDUE\VWDWLRQVLQWKHQRUWKHUQVHJPHQWRI
WKH0$6(GHSOR\PHQWZKHUHWKHIDVWGLUHFWLRQLV
RULHQWHG VOLJKWO\ZHVW RI QRUWK 5RMR*DULEDOGL
6WDWLRQ7(,*ZDVLQVWDOOHGLQWKH<XFDWiQ
peninsula and is found in an entirely different 
WHFWRQLFVHWWLQJ7KHIDVWD[LVKHUHDJUHHVZLWK
WKH$30RI1RUWK$PHULFDDQGLVFRQVLVWHQWZLWK
LWVORFDWLRQDZD\IURPFXUUHQWSODWHERXQGDULHV
Station ZAIG in the Mesa Central
ZAIG is the northernmost station in the present 
VWXG\)LJXUH7KH661FRYHUDJHLQWKLVSDUW
RIWKHFRXQWU\LVVSDUVHVLQFHLWLVIDUDZD\IURP
the seismogenic plate boundaries. The fast axis 
is oriented WNW-ESE and is clearly different 
from that observed in any of the other stations 
DQDO\]HG7KHVWDWLRQLVORFDWHGZLWKLQWKH0HVD
&HQWUDO ZKLFK LV DQ HOHYDWHG SODWHDX DQG LV
recognized as a morphotectonic province. It is 
ERXQGHGWRWKHVRXWKE\WKH709%WRWKHZHVW
by the Sierra Madre Occidental, and to the north 
DQGHDVWE\ WKH6LHUUD0DGUH2ULHQWDO 602U
ZKLFK VHSDUDWHV LW IURP WKH (DVWHUQ 0H[LFDQ
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%DVLQ DQG5DQJH IDUWKHU QRUWK 6HGORFNet al., 
7KH0HVD&HQWUDOZDVXQGHUFRPSUHVVLRQ
GXULQJWKH/DUDPLGHRURJHQ\ZKLFKFUHDWHGWKH
602UWRWKHHDVW1LHWR6DPDQLHJRet al.,
,W ZDV VXEVHTXHQWO\ VXEMHFWHG WR H[WHQVLRQ
likely related to the Basin and Range. The main 
episodes of extension occurred during the Eocene, 
oriented NE-SW; and during the Oligocene, 
ZLWK SUHGRPLQDQW H[WHQVLRQ RIaRULHQWHG
(:SOXVaH[WHQVLRQRULHQWHG161LHWR
Samaniego et al.,  1HLWKHU WKH HSLVRGHV
of compression nor extension can explain the 
orientation of I. The fast axis is predicted to align 
parallel to transpressional structures, and parallel 
WRWKHH[WHQVLRQGLUHFWLRQ6LOYHU7KH$30
of North America cannot explain the orientation 
of I HLWKHU )LJXUH  ,W VKRXOG EHPHQWLRQHG
that in the Western Mexican Basin and Range the 
direction of ILVFRQVLVWHQWZLWKERWKWKHFXUUHQW
$30RI1RUWK$PHULFDDQGZLWKH[WHQVLRQGXULQJ
WKH0LRFHQH2EUHEVNLet al., 2006; van Benthem 
et al.,  &RPSDULVRQ ZLWK WKH 5D\OHLJK
ZDYHPRGHORI6WXEDLORet al.VKRZVWKDW
=$,*LVORFDWHGLQWKHLUORZUHVROXWLRQDUHD,WLV
nonetheless interesting that the fast direction in 
WKHLUPRGHODWSHULRGVIURPWRVDJUHHVZLWK
the fast direction observed in the present study.
Another possibility for explaining the anisotropy 
at ZAIG is to look at the evolution of the 
subducted slab in the mantle. The PZDYHYHORFLW\
tomographic model of Yang et al.  FDQ
LPDJHWKHVXEGXFWHG5LYHUDSODWHGRZQWRGHSWKV
of ~350 km. They speculate that the leading edge 
of the slab may have detached from the upper 
portion and might be found at greater depths. 
/LNHZLVH WKH DGMDFHQW &RFRV VODE WR WKH HDVW
FDQEHIROORZHGDVDFRQWLQXRXVIHDWXUHIURPWKH
VXUIDFHGRZQWRDGHSWKRIaNPZKLFKLVWKH
ORZHU OLPLWRI WKHLUPRGHO7KHSZDYHYHORFLW\
tomographic model of van der Lee and Nolet 
DELPDJHVWKHEURNHQDQGVXEGXFWHG
)DUDOORQSODWHLQWKHXSSHUPDQWOH7KHVODEVKRZV
URXJKO\D:1:(6(WUHQGZKLFKDJUHHVZLWKWKH
fast anisotropy axis at ZAIG. The southernmost 
extent of the Farallon slab at a depth of ~350 km 
is located underneath station ZAIG. Being at such 
DJUHDWGHSWKLWLVXQFOHDUKRZHYHUKRZWKHVODE
might control the anisotropy observed at ZAIG. On 
the other hand, the PZDYHYHORFLW\WRPRJUDSK\
RI*RUEDWRYDQG)XNDRVKRZVWKH)DUDOORQ
slab under ZAIG at a depth of ~400 km, but it 
trends roughly E-W.
Conclusions
The fast anisotropy polarization directions for 
VWDWLRQVORFDWHGZKHUHWKH&RFRVSODWHVXEGXFWV
subhorizontally, beneath Guerrero and Oaxaca 
VWDWHV DUH RULHQWHG ZLWK WKH UHODWLYHPRWLRQ
EHWZHHQ WKH &RFRV DQG1RUWK $PHULFDQ SODWHV
and are perpendicular to the Middle America 
7UHQFK7KLVREVHUYDWLRQLVFRQVLVWHQWZLWKVXEVODE
HQWUDLQHGÀRZLQDUHJLPHRIW\SH$ROLYLQH7KH
situation is similar to that reported in Cascadia, 
except that the slab is not subhorizontal. At most 
VXEGXFWLRQ ]RQHV DURXQG WKH ZRUOG KRZHYHUI LV WUHQFKSDUDOOHO ZKLFKPD\ EH FDXVHG E\
a thin asthenospheric layer that decouples the 
GRZQJRLQJ VODE IURP WKH VXEVODEPDQWOH DQG
DOORZVÀRZWREHGULYHQE\WUHQFKPLJUDWLRQ*LYHQ
the young age of the lithosphere being subducted, 
both in Mexico and in Cascadia, the decoupling 
layer may be absent. The fast directions observed 
around the edges of the Rivera slab, and near the 
projection of the Orozco Fracture Zone under the 
FRQWLQHQWDUHFRQVLVWHQWZLWKPDQWOHÀRZDURXQG
WKHHGJHVRIWKHWRUQVODEV)XUWKHUPRUHWKLVÀRZ
is driven by slab rollback. Stations located east 
RIWKHVXEKRUL]RQWDOVODEZKHUHWKHVXEGXFWLQJ
SODWH VWDUWV WR LQFUHDVH LWV GLS VKRZ D VOLJKW
FORFNZLVH URWDWLRQRI WKHLU IDVW D[HV UHODWLYH WR
QHDUE\VWDWLRQVORFDWHGWRWKHZHVW$IHZVWDWLRQV
LQRUQHDU WKH709%DQGDZD\ IURP WKHSODWH
ERXQGDULHVVKRZIDVWGLUHFWLRQVFRQVLVWHQWZLWK
DVWKHQRVSKHULFÀRZGULYHQE\WKHDEVROXWHPRWLRQ
of the North American plate. The same is also true 
for one station in the Yucatán peninsula. Finally, 
the fast polarization direction for a single station 
ZLWKLQWKH0HVD&HQWUDOLVRULHQWHG:1:(6(DQG
it is different from measurements at any of the 
other stations. Previous episodes of compression 
DQG VXEVHTXHQW H[WHQVLRQ LQ WKH UHJLRQ IDLO WR
account for this direction. The fast direction is 
DOVRLQFRQVLVWHQWZLWKWKH$30RI1RUWK$PHULFD
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